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abstract  This  pamphlet  is  intended  for  designers  of  logical  diagrams  for 
automatic  control  of  various  industrial  processes.  The  pamphlet  is 
devoted  to  the  construction  and  design  methods  of  various  forms  of 
direct,  feedback,  and  reversible  binary  counters  using  ELM-50  and 
ELM-400  magnetic  logic  elements.  These  counters  are  developed  at  the 
Insitute  of  Automation  and  Telemechanics  (technical  cybernetics)  and 
are  mass  produced  presently  by  the  Kallninsk  Electric  Equipment  Works. 
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THE  PECULIARITIES  OP  SIMPLE  BINARY  COUNTERS 
USING  ELM-50  AND  ELM-400  ELEMENTS 

The  logic  circuits  of  computing  flip-flops  and  binary  counters 
considered  in  the  preceding  paragraph  in  principle  can  be  realized 
both  on  magnetic  logic  elements  ELM-50  and  ELM-400.  However,  the 
collection  of  functionally  stable  logic  elements  in  ELM-50  and 
ELM-400  systems  is  varied.  Therefore,  construction  of  the  same 
logic  circuit  can  require  a  different  number  of  elements,  depending 
upon  the  selected  system  of  elements. 

Let  us  consider  concre  3  peculiarities  in  the  application  of 
elements  of  the  ELM-50  and  ELM-400  system  for  the  construction  of 
simple  binary  counters. 

a)  Simple  Binary  Counters  on  ELM-50  Elements 

For  the  creation  of  direct  and  reverse  computing  flip-flops, 
necessary  for  the  construction  of  binary  counters,  in  the  EIM-50 
system  elements  of  equivalence  and  nonequivalence  have  been 
developed  [4], 

In  the  EIM-50  system,  the  circuits  of  counters  (Figs.  8  and  9) 

[Figs.  8  and  9  not  available]  are  equivalent  from  the  point  of  view 

of  the  quantity  of  elements  utilized  and  functional  stability,  since 

the  connecting  elements  AND  and  OR  in  this  system  are  functionally 

**••••• 

stable. 
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The  selection  of  this  or  that  counter  circuit  is  determined  by 
the  concrete  conditions  of  use. 

From  the  point  of  view  of  u&ing  flip-flop  circuits  on  ELM-50 
elements,  often  of  great  interest  is  the  possibility  of  obtaining  of 
a  rigid  memory,  i.e.,  a  memory  which  remembers  its  own  state  during 
switch  off  and  subsequent  switch  on  of  the  feed  voltage. 

In  principle,  a  rigid  memory  is  only  possessed  by  circuits  which 
are  composed  of  elements  which  have  repetition  characteristics  [5], 

If  in  the  circuits  there  are  elements  which  have  the  characteristics 
of  an  inverter,  then  such  a  memory  after  switch  off  and  subsequent 
switch  on  of  the  feed  voltage  can  be  in  any  position.  This  is 
explained  by  the  fact  that  the  flip-flop  circuits  on  inverters  are 
completely  symmetric  and  their  switched  on  state  physically  does  not 
differ  from  the  switched  off  state.  In  every  case  one  of  the  cores 
is  in  the  saturated  state,  while  the  other  periodically  is  magnetically 
reversed.  Here,  if  the  time  missed  is  a  multiple  to  the  amount  of 
periods  of  feed  voltage  t  »  kT,  then  the  circuit  will  continue  its 
work  without  a  change.  If,  however,  time  t  -  kT  +  tj  is  missed, 
where  t^  »  T/2,  then  the  conditions  of  the  inverters  will  switch  and 
switching  of  the  flip-flop  will  occur.  In  this  case  special  zero 
protection  is  often  necessary;  this  is  recommended  in  plant 
instructions  concerning  the  use  of  elements  of  the  ELM-50  system 
to  bring  all  flip-flops  to  the  zero  position. 

b)  Simple  Binary  Counters  on  ELM-400  Elements 

m  the  EUt-400  system  only  inverters  have  functional  stability. 

The  repeaters  are  designed  only  for  work  among  the  inverters  and 
cannot  form  independent  networks. 

Circuits  of  direct  and  reverse  binary  counters  in  this  system 
are  unequivalent  in  the  number  of  elements  required. 

The  logic  circuits  of  connecting  elements  AND,  necessary  for 
the  construction  of  direct  binary  counters,  require  a  greater  number 


tro-MT-24-364-68 


2 


of  elements  in  the  inverter  system  than  the  logic  circuits  OR. 
Therefore,  for  binary  counters  in  the  EIM-400  system  reverse  cells 
are  accepted.  The  block  diagram  of  Fig.  6d  [Fig.  6  not  available] 
was  selected  as  being  basic  for  the  cell  of  the  binary  counter,  in 
which  the  function  of  nonequivalence  is  carried  out  on  the  inverter 
and  on  the  element  of  equivalence,  which  was  specially  developed 
for  computing  circuits  in  the  EIM-400  system. 

Such  a  circuit  of  the  i-th  digit  of  a  binary  counter,  in  which 
the  transition  element  is  made  according  to  the  OR  diode  layout,  is 
shown  in  Fig.  10.  Here  bi_1  is  the  input  signal  in  the  form  of  a 
pass  of  a  single  pulse,  b1  is  the  signal  of  transfer  to  the  following 
(i  +  l)-th  digit  and  x^  is  the  output  signal  of  the  digit  in  direct 
code  (true  representation). 


From  the  diagram  of  Fig.  9b,  it  is  clear  that  in  a  binary 
counter  which  is  assembled  from  such  digits,  each  preceding  cell  is 
loaded  through  OR  diode  circuits  utilized  instead  of  the  OR  magnetic 
logic  elements,  to  all  subsequent  cells.  Such  a  binary  counter  can 
have  no  more  than  four  or  five  digits,  after  which,  for  amplification, 
it  is  necessary  to  place  the  repeater  on  two  inverters,  although 
here  a  delay  appears  in  the  operation  of  the  digits. 

Figure  11  shows  the  circuit  of  a  digit  of  a  binary  counter,  in 
which  amplification  of  the  transfer  signal  occurs  in  each  division. 

A  binary  counter  assembled  on  such  cells  will  be  sequential,  which 
must  be  considered  during  decoding. 

Figure  12  shows  a  reverse  cell  of  a  binary  counter  which  realltea 
the  logic  function  of  equivalence  with  feedback  along  one  of  the 
inputs.  The  cell  does  not  contain  an  element  of  equivalence  in 
evident  form,  but  it  is  constructed  of  four  magnetic  Inverters  and 
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one  magnetic  repeater  to  equate  the  phases  of  feedback  signals. 


It  is  necessary  to  note  that  binary  counters  on  cells  constructed 
according  to  the  diagrams  of  Pigs .10  and  11,  although  they  are  reverse, 
can  count  both  in  direct  and  in  reverse  binary  codes,  since  they  have 


both  direct  and  reverse  y^ 


^  outputs. 


All  memory  circuits  in  the  EDf-400  system  of  elements  are  rigid. 
In  spite  of  the  use  of  inverters.  This  is  attained  by  the  use  of  a 
stabilizing  power  supply,  carried  out  on  magnetic  material  with  a 
rectangular  hysteresis  loop.  Such  a  source  itself  memorizes  the 
magnetic  state  at  the  moment  of  switch  off  of  feed  voltage,  and 
during  subsequent  switch  on  of  feed  it  compensates  the  difference  of 
pass  time  t^  <  ^  by  its  earlier  saturation. 
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